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Pre-existing inhomogeneities in the target ge-
ology are known to affect the formation and final
geometry of an impact crater. Large joints appear
to have caused the squaring off of Meteor Crater,
and polygonal craters on Mars appear to track ring
faults around the Hellas and Isidis impact basins [1].
Other examples have been seen on Venus [2] and the
moon [3]. Here I present a numerical modeling ex-
ploration of the effects of pre-existing target faults
on impact crater morphology.

Introduction

The impact cratering process places the target mate-
rial under both compression and tension. The target
is likely to have a spatially inhomogeneous strength
before the time of impact. Joints, faults and other
inhomogeneities can affect the geometry of the final
crater. Further shock damage to the target during
the cratering process can affect the final crater ge-
ometry, such as in the case of complex craters, and
post-impact fault slip can also affect crater morphol-
ogy. One of the peculiarities of Meteor Crater in
Arizona is its unusual squared shape that is thought
to be caused by the presence of orthogonal joints in
the target rock that cut vertically through the host
rock and intersect at the point of impact [4], which
opened as angular tear faults on the crater rim ei-
ther during the excavation [5] or modification [6]
phase. The joints at Meteor Crater are of order a
meter wide or less. Fault zones generally can be
much wider in areas where the host rock has been
damaged by fault slip.

Models

The models are 3-D cartesian models of an impact
similar to that which made Meteor Crater [7]. The
impactor is 50 m in diameter and strikes a layered
sandstone and limestone target at a 45-degree in-
cidence with an impact velocity of 12.5 km/s. I
approximate a fault zone or joint in these models
with vertical inclusions of strengthless, lower den-
sity rock, in this case, Nevada Alluvium. The thick-
ness of the fault zone is variable, shown at t = 0 in

Fig. 1.

Figure 1: Initial conditions of an example mesh.
The target is air over limestone over sandstone with
a 50-km-diameter iron impactor striking at 12.5
km/s and 45-degrees at the intersection of two per-
pendicular 50-meter-thick fault zones.

I explore the effects of pre-existing target flaws
on the excavation process using the RAGE and
FLAG hydrocodes, and the effects of fault slip
late/modification stage using the Abaqus finite el-
ement analysis (FEA) suite. Finite element analysis
techniques are more appropriate than hydrocodes
to analyze scenarios where the motion of particles
and pressure waves remain well below the sound
speed of the medium in question. Abaqus is a stan-
dard tool used in many industries from aerospace
engineering to mining. The radiation grid Eule-
rian (RAGE) code [8], [9] is a compressive Eulerian
hydrocode with radiative transfer enabled. It uses
continuous adaptive mesh refinement (CAMR) for
increased accuracy and computational efficiency.
Simulations may be carried out in one, two, or
three dimensions, and in Cartesian, cylindrical, or
spherical coordinate systems. Elastic-Plastic and
Steinberg-Guinan strength models, and a P-α crush
model are included for modeling of solids. I chose
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to use RAGE for its ease of use in rapid simula-
tion setup and efficacy in the gravity regime. I am
running additional models in the Free Lagrangian
(FLAG) hydrocode, described in [10]. FLAG is
a well-validated Lagrangian/ALE hydrocode devel-
oped and maintained by the Lagrangian Applica-
tions project at LANL. I chose to use it because
it has a greater range of solid mechanics options
available to it than RAGE does, given the relative
ease of implementation of solid mechanics in La-
grangian over Eulerian numerical schemes. Both
codes use the LANL SESAME material property
database [11] for equations of state. I used the OSO
computational geometry design software to set up
the initial meshes for all three sets of models. The
RAGE and FLAG meshes are identical at t = 0,
but refine according to their respective CAMR and
ALE schemes, which I try to keep as similar as pos-
sible. The post-impact Abaqus models uses a sim-
ilar setup, but with a hemispherical crater assumed
at the intersection of the two joints in the target.

Preliminary Results

Initial calculations use a fault zone that is 50 times
wider than the joints seen at Meteor Crater. The
transient crater, shown in Fig. 2 from the RAGE
model at t = 10.0 seconds, approximately the time
of transition to the modification stage is slightly
squared off, but the corners are 90 degrees off from
those seen at Meteor Crater. The thick fault zone
appears to flatten the rim as it expands along the
fault zone. Calculations using fault zones of thick-
nesses dx = 50, 25, 10, and 1m are ongoing, and
further results will be presented at the meeting. If
the final squaring off of the crater along the fault
lines happens through slumping during the modifi-
cation stage as predicted by Poelchau et al. [6], it is
likely that the FEA models will be the most infor-
mative of this suite. If it happens during excavation,
the hydrocode models should be the most indica-
tive, but are sensitive to the resolution and physical
parameters assumed for the fault zone.
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